Lateral ligamental injuries of the ankle are common in most athletic populations. Yet, despite their frequent occurrence, surprisingly few cases of chronic laxity of the lateral ankle ligaments have been reported until the past decade. The increasing number of complaints may be the result of a growing number of young people participating in athletics or a trend for individuals who have had sprains with resultant laxity to return to a more physically active life.
In this paper we report on 21 patients with 22 reconstructions of the lateral ligaments of the ankle (one patient had bilateral operations). All were involved in athletic pursuits, e.g., jogging three to four miles per day, or competitive college tennis. Reconstructive surgery was suggested for patients whose athletic performance was limited despite adequate conservative therapy, and then performed only in those still desiring to pursue an active athletic life. Patients were forewarned that surgery would produce a long scar and some limitation of foot inversion.
DIAGNOSIS
Diagnosing lateral ligament instability of the ankle is not difficult. The patient usually complains of the ankle turning over or giving out with more frequency and severity as physical activity increased. After each incident, pain lasts for a few days and then gradually recedes. Swelling, which may have been severe after the initial episode, usually lessens with each succeeding incident. Although pain presents a problem, it is primarily the feeling of ankle insecurity which brings the patient to a physician.
PHYSICAL EXAMINATION
The physical examination of the ankle should be precise, checking first for swelling in the ankle joint and in the soft tissues laterally and medially, and then for tenderness, which is often found over the anterior talofibular ligament and, less commonly, over the calcaneofibular ligament. The peroneal tendons may also be inflamed and tender secondary to chronic laxity and repetitive excessive inversion of the foot. After inspection and palpation, the ligamentous-capsular complex of the ankle should be carefully examined. We test for the anterior drawer sign by pulling forward on the foot or heel as the lower tibia is held back; this may be more difficult to detect than a drawer sign in the knee. We next test for abnormal inversion by maximally inverting the whole foot ( Fig. l ) , attempting to tilt the talus within the mortise and put inversion stress on the subtalar joint. By comparing inversion of the symptomatic to the asymptomatic foot 0009-921X/8l/l000/201 $01.05 OJ. B. Lippincott Co. ( Fig. 2) , we can see the range of abnormal motion. Inversion is measured by looking at the heel with the patient prone, and judging the angle between the heel and the tibia with the foot maximally inverted. According to James6, normal inversion is approximately 23" k 6". A less accurate clinical estimate can be made by looking at the foot with the patient sitting, and the foot in full inversion. Grossly, one can look at the sole of the foot and see how it deviates away from the horizontal plane of the floor. In some instances, the foot may be so inverted that the sole faces 70" to 80" away from the horizontal plane (if both ankles are loose, determining what is normal may be difficult). Finally, with the foot maximally inverted, the distance from the distal tip of the fibula to the prominence on the lateral side of the foot made by the beak of the calcaneous is measured. In comparing the two sides, the one with chronic laxity usually differs from 0.5 to 1.0 cm. The beak of the calcaneous is felt laterally, provided the foot is in maximal inversion.
Inversion of the foot has usually been ignored by authors of recent studies on lateral ankle instability. Rubin and Witten' noted that inversion of the foot encompasses both tibiofibular and subtalar motion. In 1977, Brantigan et al.' discussed this problem and presented an excellent method for measuring the degree of instability. With mild ankle instability, subtalar laxity is not a problem; however, as the lateral instability increases and the foot turns in further, the pressure applied to the subtalar area increases and apparently the subtalar ligamentous-capsular complex stretches. There is also some midtarsal motion, but when testing, we try to negate this by grasping the foot at the midtarsal area as we adduct and invert the foot and ankle.
Although we recognize the value of stress X-rays in diagnosing chronic ankle instability, the patient's history and physical examination are more valuable. Accordingly, stress X-rays were examined on only six surgically treated patients.
TREATMENT
Most patients with chronic ankle instability who are involved in few athletic pursuits can be cared for by the following conservative means: (1) increasing the strength of muscle tendon units crossing the ankle, and by so doing, potentiate the reaction time of the peroneal muscles to guard against abnormal inversion; (2) applying a lateral heel sole wedge to make the shoe more stable (this is not suitable for athletic foot wear); the less enthusiastic athletes; and (4) using an external ankle wrap during periods of increased activity or, in a few people, even a leather gauntlet which ties in the front and gives support on the lateral and medial sides, can help. These measures may help the less athletic person, but they are not usually sufficient. For such people with disabling symptoms due to lateral ligamentous laxity, secondary reconstruction of the ligaments of the ankle offers the possibility of returning to an active athletic life of running, pivoting, etc.
There are a variety of procedures described to reconstruct the lateral ligaments of the ankle. In the United States, the most popular of these methods have been those described by Watson-Jones' and E v a n~.~ The Watson-Jones procedure is not easy to perform and reconstructs only the anterior ta-lofibular ligament. The Evans procedure, while seemingly effective, does not replace the anterior talofibular ligament, however, it does substitute for the calcaneofibular ligament. Chrisman and Snook in 1969* published the results of the operative procedure which they called a modification of the Elmslie procedure. In fact, their operation seems more similar to that performed and reported by Windfeld in 19519 The Chrisman-Snook procedure replaces both the anterior talofibular and calcaneofibular ligaments and thereby produces limited inversion of the foot. Initially, we performed several operations exactly as Chrisman and Snook described but, although satisfied with their procedure, we modified it somewhat to make the surgery both easier and more effective. There have been a variety of other procedures described, most of which seem effec-Clinical Orthopaedics and Ralated Research tive, particularly in the hands of the innovators. PROCEDURE A long incision is made from the base of the fifth metatarsal, going behind the fibula, and up the leg about 6 inches proximal to the tip of the fibula. The sural nerve, running along and crossing the peroneal tendon sheath beneath and distal to the tip of the fibula and the base of the metatarsal (Fig. 3) , must be located and carefully dissected to avoid injury. The skin over the anterior aspect of the fibula and the ankle is then undermined to define the anterior talofibular ligament (Fig. 4) . The peroneal tendons are located, and the sheath opened all the way proximal for the length of the skin incision to dissect the peroneus brevis down to the base of the fifth metatarsal. The peroneal tendons are then replaced in the sheath. The anterior talofibular ligament is cut transversely halfway between the talus and the fibula, leaving it attached to both. At the base of its attachment to the talus, a small area is curetted into bleeding bone for reattachment of the new ligament, af-ter which a hole, starting about 1 inch proximal to the tip of the fibula, is drilled through the fibula, from the anterior to posterior, and slightly proximal to distal. Initially a '/6rinch drill bit is employed and gradually enlarged with other drills and small curettes to make the hole large enough for the transplanted ligament. Care must be taken so as not to break through the fibula laterally. The soft tissues must be dissected away from the posterior aspect of the fibula to allow the transplanted tendon to pass (the new ligament will be attached to the 0s calcis slightly below the original calcaneofibular ligament). We then cleanse away the soft tissues on the 0s calcis in the area where the ligament is to be attached by a staple and pemetrated into the subchondral bone with a small osteotome or curette. The sural nerve is close and must be protected. If the peroneus brevis tendon is small as it often is in women and in some men, the whole tendon is severed from the muscle as high proximally as possible. In many men, we take only half of the peroneus brevis tendon, splitting it proximal to its attachment on the base of the fifth metatarsal, going as far proximally up the leg as possible to have a useful tendon. Dissecting the muscle off of the tendinous tissue is a tedious part of the procedure and is carefully performed with a periosteal elevator, working against the grain of the muscle fibers so as to preserve the tendon. If the whole tendon is used, the muscle belly is sutured to the peroneus longus tendon.
After dissecting the tendon, we detach it proximally starting from the fifth metatarsal and bring it through a small hole, made with a scalpel in the base of the old anterior talofibular ligament, where it should then attach firmly to the talus.
The tendon is then passed through the hole in the fibula by using a #9 red catheter, tying the tendon into the catheter so it can be fed through the fibular hole. It is led behind the peroneal tendons close to the subtalar joint, similar to the old calcaneofibular ligament (Chrisman and Snook2 led their tendon in front of the peroneal tendons to hold these tendons in their sheath). The transplanted tendon is attached to the previously bared area on the 0s calcis by a small staple ( Fig. 5 ) . Placing the foot in 0" of dorsiflexion and slightly everted, the transplanted tendon is then pulled tight and attached to the 0s calcis. From here on, the foot must be held in this position. Once the tendon is secured to the 0s calcis, it is sutured to the base of the anterior talofibular ligament on the talus and then to soft tissues near the fibular hole anteriorly (Fig. 6) . The cut edges of the anterior talofibular ligament are overlapped and sutured together. The distal end of the tendon, if long enough, is then led back up over the peroneal tendons to the anterior talofibular ligament and sutured there (Fig. 7) to aid in holding the peroneal tendons in place. The surgeon should also clos the original peroneal tendon sheath, although this may prove difficult.
POSTOPERATIVE CARE
The leg and foot are placed in a posterior splint for several days and kept elevated. A considerable amount of swelling and some pain during the first several days can be expected. Afterwards, a short leg cast is applied and the patient kept nonweight-bearing for three weeks (the leg should remain elevated for the first ten days). After the three week period, weight-bearing on a cast boot using crutches or a cane is permitted for an additional three weeks. Six weeks after surgery, the cast is removed and the patient started on active dorsiflexion exercises and gradual stretching of the posterior structures of the ankle and calf. Swimming is permitted within the week, and the patient is encouraged to walk and go bicycling as motion returns. Swelling may be a problem for the first four weeks after the cast is removed; however, this can be controlled by elevating the foot and applying a compression bandage. We do not have the patient actively inverting or everting the foot for eight to ten weeks after the initial surgery, although with dorsiflexion and plantar flexion there is some motion in each direction. From here, rehabilitation is responsive to the individual patient's progression rate.
At surgery, all patients had an attenuated and elongated anterior talofibular ligament.
Three patients had small loose bodies on the lateral side of the ankle joint which were removed. With one exception, the joint surface in all patients looked well (one patient had a long history of difficulty, including changes on the lateral aspect of the talus and the tibia1 plafond). In most patients, the calcaneofibular ligament was distorted and elongated; in others it was not recognizable. After the anterior talofibular ligament was cut, we could visualize the posterior talofibular ligament. In most patients, the ligament was elongated and did not prevent the anterior drawer sign. Table 1 lists the results of surgery in 21 patients (22 ankles). There were 17 males and four females ranging in age from 18 to 46 years. Most patients had a long history of symptoms ranging from nine months to ten years (average duration, 3% years). Our player who was active teaching by four to five months after surgery; however, she did not feel sure of her ankle for athletic activities until 11 months. On physical examination prior to surgery, all 22 symptomatic ankles showed excessive inversion, Le., past 30". There was a positive anterior drawer sign present in 14 of the 22 and in 1 1 we could produce a "clunk" which we interpreted as the talus subluxing out of the mortise. In five ankles this noise could be produced prior to anesthesia and in six, after anesthesia. In maximum inversion, the distance from the fibula to the beak of the calcaneous was increased in all symptomatic patients. Stress X-rays in six of six ankles were positive. Since we found the stress Xrays to be of little diagnostic help, they were not repeated in later patients. In eight of the 22 ankles, there were small loose bodies or spurs around the lateral or medial side of the ankle noted on X-ray.
RESULTS
After surgery, all patients stated that the operated ankle felt stable. Several complained during the first six months that they lacked inversion but eventually as they gained over 10" of inversion that compaint disappeared. All operated ankles had decreased inversion compared to the unoperated side. On follow-up after a year, the least inversion measured was 8" to 10" and the most 17" to 20" (Figs. 8A and 8B) . No operated patient had a positive anterior drawer sign and in none was there a "clunk" produced. We did not perform stress X-rays of the tibiotalar joint on any patient following surgery. None had any symptoms of instability.
COMPLICATIONS
One patient had a surgical laceration of a small branch of the sural nerve forming a neuroma which produced pinpoint pain with the pressure of his running shoe. Nine months following surgery, this neuroma was resected and the patient became symptomfree for all but a tiny area of anesthesia on his foot. He resumed a routine of running several miles a day. Another patient, an active collegiate tennis player, complained of pain near the staple in his right 0 s calcis two years after surgery. The staple was loose and removed without difficulty; his pain subsided. In addition, a year and a half after surgery on his left foot, the patient complained of pain near the peroneal tendons behind the fibula. That staple had also worked loose and was producing irritation of the peroneal tendon sheath. Again, the staple was removed and the patient has resumed playing competitive tennis without pain. No other staples have worked loose.
Two patients developed minor skin sloughs, particularly in the area behind the fibula. However, each of these sloughs was treated conservatively and healed without incident. One patient reacted to the synthetic suture employed over the anterior aspect of the ankle; two sutures had to be removed six months after surgery.
DISCUSSION
The Chrisman-Snook modification of the Windfeld operative procedure produces a stable ankle with only minor loss of normal foot inversion. Our modifications make the surgery somewhat easier for us to perform and puts the calcaneofibular portion of the reconstruction in a more anatomical position. These modifications consist of ( 1 ) leading the tendon through the base of the anterior talofibular ligament at the talus; (2) placing the calcaneofibular portion behind the peroneal tendons; (3) using a staple to hold the reconstructed tendon to the 0s calcis; and (4) leading the final portion of the reconstructed tendon back over the peroneal tendons to the anterior talofibular ligament to hold the peroneal tendons. Patients should be able to return to full sports activities six months after surgery with improvement likely to continue for an additional six months. Eleven of our 21 patients were par- 
SUMMARY
Due to the increased number of participants in athletic activities and because such people continue to participate for many years, secondary reconstructions of the lateral ligaments of the ankle are performed with greater frequency. Physical examination and review of the patient's history are of more value than stress X-rays of the tibiotalar joint in determining whether or not secondary reconstructive surgery is advisable. The modified Chrisman-Snook procedure presented reconstructs the anterior talofibular ligament and the calcaneofibular ligament, thereby reducing excessive subtalar motion. The results are predictable and appear to be lasting.
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